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Study objectives: Middle-of-the-night (MOTN) awakenings with difficulty returning to sleep 
are among the most common symptoms of insomnia. Despite the epidemiological studies that 
have been conducted, there is a lack of data on the impact of MOTN awakenings on health status 
and socioeconomic indicators in comparison with other insomnia symptoms. 
Methods: Data were analyzed from the 201 1 US National Health and Wellness Survey (adults 
&18 years old; N=60,783), which asked respondents whether they had experienced specific 
symptoms of insomnia (ie, MOTN awakenings, difficulty falling asleep, waking several times, 
waking up too early, or poor quality of sleep). Respondents who reported only one insomnia 
symptom were compared among insomnia subgroups and with no insomnia symptom controls 
with respect to demographics, health history, and health outcomes (Short Form-12v2, Work 
Productivity and Activity Impairment questionnaire, and costs). Additional analyses compared 
respondents with only MOTN awakenings and matched controls on health outcomes. 
Results: MOTN awakenings without other insomnia symptoms were reported by 3.5% of 
respondents. Poor quality of sleep was associated with the strongest effects on health status 
compared with other insomnia symptoms even after adjusting for demographic and health 
characteristics differences. Differences across insomnia symptoms with respect to cost-related 
outcomes were generally modest, though all were higher (if not significantly so) than respondents 
without insomnia. Respondents who experienced only waking several times and only MOTN 
awakenings had the highest direct costs, while respondents who experienced only poor quality 
of sleep and only difficulty falling asleep had the highest indirect costs. Respondents with only 
MOTN awakenings reported significantly worse mental and physical health status and worse 
health utilities relative to insomnia-free matched controls (all P<0.05). Annual per-employee 
indirect costs were also significantly higher ($4,328 vs $3,000; P<0.05). Among only MOTN 
awakenings respondents, 74.6% were considered only symptomatic (ie, they did not report 
having insomnia or having been diagnosed with insomnia). 

Conclusion: These findings collectively highlight the prevalence and socioeconomic impact 
of specific types of insomnia symptoms, including MOTN awakenings, experienced by adults 
in the US. 

Keywords: insomnia, nocturnal awakenings, work productivity, health outcomes, sleep quality, 
sleep symptoms 

Introduction 

Middle-of-the-night (MOTN) awakenings with difficulty returning to sleep are 
among the most common symptoms of insomnia. 12 The National Comorbidity 
Survey Replication found that MOTN awakenings (defined in the study as difficulty 
maintaining sleep) occurred in 19.9% of the population in the past 12 months, 
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compared with 16.4% who experience difficulty initiating 
sleep and 16.7% who experience early morning awaken- 
ings. 2 In a large epidemiological study in Europe, 16% 
of the general population reported experiencing MOTN 
awakenings at least three times per week. 3 MOTN awaken- 
ings have been found to be significantly more prevalent in 
women than in men and become more common with age, 
with 23% of those 65 years or older experiencing this symp- 
tom. 3 Nevertheless, sleep interruptions, including MOTN 
awakenings, are present in people of all ages. 4 

Broadly speaking, the symptoms of insomnia have been 
associated with substantial impairments in quality of life, 
productivity at work and during daily activities, and addi- 
tional health care resource utilization. 2 5 7 Using the 2005 
National Health and Wellness Survey (NHWS) data, Bolge 
et al found significant decrements in both mental and physi- 
cal health status (as assessed using the Short Form-8) and 
over 13% more presenteeism (the percentage of impairment 
experienced while at work in the past 7 days because of one's 
health) among those with insomnia compared with those 
without. 7 Roth and colleagues examined the associations 
with individual sleep symptoms (including MOTN awaken- 
ings) on role impairments; 2 the specific effect of MOTN 
awakenings on a broader set of health outcomes has not 
been previously examined. Prior studies have documented a 
substantial burden of nocturnal awakenings (including, but 
not limited to, those with MOTN awakenings). 3 Reports of 
daytime sleepiness, fatigue, and cognitive impairments were 
all higher among those with three or more nights of noctur- 
nal awakenings per week compared with patients without 
nocturnal awakenings, even after adjusting for age, gender, 
and occupation. 3 Moreover, those who experience nocturnal 
awakenings were significantly more likely to report taking 
sick leave. 8 

Despite the epidemiological studies that have been 
conducted on MOTN awakenings, and the studies which 
have documented the burden of insomnia and nocturnal 
awakenings in general, whether different insomnia symp- 
toms are associated with different consequences is not well 
understood. The primary aim of the current study was to 
use a large, nationally representative database to explore the 
impact of MOTN awakenings compared with other insom- 
nia symptoms on health status, activity impairment, and 
indirect and direct costs. The comparison of the differential 
effects of insomnia symptoms on indirect and direct costs 
is particularly novel. A secondary aim was to focus on the 
burden associated with MOTN awakenings specifically rela- 
tive to a matched control group. Although prior studies have 



investigated MOTN awakenings, no study to our knowledge 
has explored its isolated effect on health outcomes in the 
general population. Given these aims, we hypothesized that 
each sleep symptom would individually be associated with 
a decrement in health status and activity impairment and an 
increase in costs relative to those without sleep symptoms; 
however, we did not have a priori hypotheses regarding the 
specific pattern of which symptoms would be more or less 
detrimental than others. 

Methods 

Data source 

The 2011 US NHWS dataset was used for this study 
(N=75,000). The NHWS is an annual, cross-sectional 
Internet survey given to a sample of adults (18 years and 
older) who were identified through a web-based panel. All 
adults in the US are eligible to join this panel, and mem- 
bers are recruited through a variety of means, including 
through opt-in emails, coregistration with other panels, 
e-newsletters, and online banner placements. The panel 
is not a purely convenience sample source, as members 
are recruited in such a way as to resemble the US adult 
population with respect to several demographic charac- 
teristics (age, sex, education, income, Census region), 
though differences between the US adult population and 
panel membership on these variables are still present. All 
panelists explicitly agreed to become panel members and 
complete in-depth demographic registration profiles as part 
of the membership process. 

Invitations to participate in the NHWS were sent to 
members of this panel using a random stratified sampling 
framework to ensure the final sample of NHWS participants 
was representative of the adult population in the US (essen- 
tially, to improve upon the similarities observed between the 
US population and the panel membership). Each year, data 
from the Current Population Survey of the US Census (United 
States Bureau of the Census, 2012) are used to identify the 
relative proportions of age, gender, and racial/ethnic groups 
in the US; these proportions were then mimicked during the 
recruiting of panel members to ensure the final NHWS sam- 
ple matched the demographic proportion of the US. Although 
other relevant factors (education, Census region, income, 
etc) were not included in the sampling frame, these factors 
have shown comparability with the US adult population as 
reported elsewhere. 7 910 Comparisons between the NHWS 
and other established sources (US Census, National Health 
Interview Survey, National Health and Nutrition Examina- 
tion Survey, Medical Expenditure Panel Survey [MEPS], 
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etc) have been also been made previously. 7 - 9-10 All NHWS 
respondents provided informed consent. The study protocol, 
including the informed consent, was reviewed and approved 
by an institutional review board. 

Sample 

Because of the potential for outliers with respect to health 
outcomes, respondents who had been diagnosed with cancer 
or human immunodeficiency virus/acquired immunode- 
ficiency syndrome (HIV/ AIDS) were excluded from all 
analyses (n=6,644). In addition, respondents who reported 
they had sleep apnea or had been diagnosed with sleep- 
disordered breathing, parasomnia, circadian rhythm sleep 
disorder, narcolepsy, restless legs syndrome, or another 
sleep condition other than insomnia (n=7,573) were also 
excluded from the analysis regardless of what other insomnia 
symptoms they experienced. The final analytical sample size 
wasN=60,783. 

Measures 

Insomnia symptoms: All respondents of the NHWS were 
asked, "Which of the following sleep problems or symptoms 
do you regularly experience?" and then presented with a list 
of symptoms to select. These symptoms included "difficulty 
falling asleep," "waking during the night and not being able 
to get back to sleep" (hereafter referred to as "MOTN awak- 
enings"), "poor quality of sleep," "waking up several times 
during the night," and "waking up too early." Respondents 
who did not report any of these symptoms were considered 
not to have insomnia. 

Awareness: Aside from symptoms, respondents were also 
asked whether they considered themselves to have insomnia 
or sleep difficulties (yes or no). If they responded yes, they 
were then asked whether their condition had been diagnosed 
by a physician. 

Demographics: Several demographic characteristics were 
also assessed including age, race/ethnicity, gender, marital 
status (married/living with partner versus all else), education 
(less than a college degree versus college graduate), and 
annual household income (<$25,000, $25,000 to <$50,000, 
$50,000 to <$75,000, >$75,000, decline to answer). 

Health characteristics: Respondents provided their height 
and weight (with the option to decline to provide their 
weight). From this information, a body mass index (BMI) 
category was calculated: underweight (< 1 8.5 kg/m 2 ), normal 
weight (18.5 to <25 kg/m 2 ), overweight (25 to <30 kg/m 2 ), 
obese (^30.0 kg/m 2 ), and decline to answer (a category 
reserved for those who did not provide their weight). Alcohol 



consumption (consume alcohol versus abstain from alcohol), 
exercise behavior (do not regularly exercise versus regularly 
exercise) and tobacco smoking (current smoker, former 
smoker, or nonsmoker) were also assessed. 

Comorbidities: The Charlson comorbidity index (CCI) 
was used to assess the overall comorbidity burden of each 
respondent. 1 1 The CCI is calculated by weighting the presence 
of the following conditions (self-reported by the respondent 
as being diagnosed by a physician) and summing the result: 
HIV/AIDS, metastatic tumor, lymphoma, leukemia, any 
tumor, moderate/severe renal disease, hemiplegia, diabetes, 
mild liver disease, ulcer disease, connective tissue disease, 
chronic pulmonary disease, dementia, cerebrovascular dis- 
ease, peripheral vascular disease, myocardial infarction, and 
congestive heart failure. HIV/AIDS and cancer did not factor 
into the CCI for the current study, as they had been excluded 
per the study criteria. The greater the total index score, the 
greater the comorbid burden on the patient. 

Health status: The current study used the Short Form 12 
version 2 (SF-12v2) to assess general health status using a 
4-week recall. 12 The twelve items of the SF- 1 2v2 were entered 
into an algorithm created by the instrument's developer 
(QualityMetric, Lincoln, RI, USA) to calculate two summary 
scores (mental [MCS] and physical component summary 
[PCS] scores), which are normed to the population (Mean 
=50; standard deviation [SD] =10), and eight domain scores 
(which were non-normed in this study): general health, physi- 
cal functioning, physical role limitations, bodily pain, vitality, 
social functioning, emotional role limitations, and mental 
health. 12 Higher values indicate better health. Additionally, 
the items from the SF-12v2 were also used to calculate a 
preference-based health utility score, which represents how 
a particular health state is valued. These values vary con- 
ceptually from 0 (representing a health status equivalent to 
death) to 1 (representing a health state equivalent to perfect 
health). Prior evidence has suggested differences of 3, 5, and 
0.03 points, for summary, domain, and health utility scores, 
respectively, represent clinically meaningful differences. 3-14 
Because of the instrument's generic nature, the values derived 
from the SF-12v2 items can be compared across disease 
states and with the general population. 12 All respondents 
provided data on the SF-12v2 items and no missing data 
was observed. 

Indirect costs and activity impairment: Indirect costs 
were assessed using the general health version of the 
Work Productivity and Activity Impairment (WPAI) 
questionnaire. 15 The WPAI produces a measure of overall 
work impairment, which represents the percentage of work 
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time in the past week that was lost either due to absenteeism 
(the percentage of work time missed because of one's health) 
or presenteeism (the percentage of health-related impairment 
while at work). 16 The overall percentage of work impairment 
was then multiplied by the median US salary to estimate the 
lost wages for each respondent who reported being currently 
employed (ie, the human capital approach). This method 
has been outlined in prior research. 17 All those currently 
employed provided data on overall work impairment and no 
missing data among these respondents were observed. The 
WPAI also provides an activity impairment metric which 
represents that percentage of impairment experienced during 
daily activities. All respondents provided data on activity 
impairment. 

Direct costs: The number of traditional health care pro- 
vider visits, emergency room (ER) visits, and hospitalizations 
in the past 6 months was provided by each respondent (there 
was no missing data). The direct costs of these events were 
estimated by applying unit costs from the MEPS dataset and 
multiplying by two to project to annual costs. 18 This method 
has also been outlined in prior research. 17 

Statistical analysis 

There were two components to this analysis. First, respon- 
dents who reported experiencing only MOTN awakenings 
were compared with other groups of respondents who 
reported experiencing only one other insomnia symptom 
(ie, difficulty falling asleep, waking several times, waking 
up too early, or poor quality of sleep) and with respondents 
without insomnia symptoms. Given the anticipated over- 
lap of experiencing multiple symptoms, this analysis was 
done to isolate factors that may be related to one symptom 
over another. Comparisons were made on demographic 
and health history variables using chi-square tests and 
one-way ANOVAs. In addition, differences across these 
groups were examined with respect to health outcomes 
(ie, health status, indirect costs, activity impairment, 
and direct costs), controlling for age, sex, race/ethnicity, 
education, household income, BMI, alcohol use, smoking 
behavior, exercise behavior, and the CCI using regression 
modeling (general linear models for health status vari- 
ables and generalized linear models, specifying a nega- 
tive binomial distribution and a log link function, for all 
other outcomes). Adjusted means from these regression 
models were reported; post hoc comparisons among analy- 
sis groups were then calculated using a Tukey-Kramer 
adjustment. 



Second, respondents who reported experiencing only 
MOTN awakenings (and no other insomnia symptoms) were 
compared with respondents without insomnia symptoms to 
isolate the effect of MOTN awakenings on health outcomes 
using a propensity score matching method. Demographic 
and health history variables which were significantly dif- 
ferent between those with only MOTN awakenings and 
those without insomnia (age, sex, race/ethnicity, education, 
household income, BMI, alcohol use, smoking behavior, 
exercise behavior, and the CCI) were then entered into a 
logistic regression model to predict group membership 
(MOTN awakenings versus no insomnia symptoms). Pro- 
pensity score values from this model were extracted. Next, 
a greedy-matching algorithm was implemented in order to 
match each respondent with only MOTN awakenings with a 
suitable control (1:1 match). Postmatch differences in health 
status, activity impairment, and indirect and direct costs were 
then made using one-way ANOVAs. 

All statistical analyses were conducted in SASv9.1. 
Statistical significance was set a priori at P<0.05. No cor- 
rections were made for multiplicity. 

Results 

Epidemiology 

A total of 28,972 respondents (47.7%) experienced at least 
one insomnia symptom (see Figure 1). The most common 
single symptom experienced by respondents included dif- 
ficulty falling asleep (n=4,195; 6.9% of all respondents), 
waking up several times (n=2,586; 4.3%), waking up too 
early (n=2,421; 4.0%), MOTN awakenings (n=2,l 15; 3.5%), 
and poor quality of sleep (n=l,512; 2.5%). 

Among the 26.6% of respondents (n=16,143) who 
reported experiencing more than one symptom, the most 
commonly experienced symptom was difficulty falling asleep 
(66.7% of that group), followed by waking up several times 
(59.8%), MOTN awakenings (58.8%), waking up too early 
(5 1 .5%), and poor quality of sleep (5 1 .0%). 

Demographic and health history 
of patients with insomnia symptoms 

Compared with other respondents who reported only a 
single insomnia symptom (difficulty falling asleep, waking 
up several times, waking up too early, or poor quality of 
sleep), respondents who reported only MOTN awakenings 
were predominantly female (61.0%) and were the oldest 
(see Table 1) with a mean age of 53.4 years (SD =15.60). 
The age of other insomnia symptom groups ranged from 
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Figure I Prevalence of insomnia symptoms among total sample (N-60,783). 
Abbreviation: MOTN, middle-of-the-night. 



Table I Demographic and health history of those with different insomnia symptoms 





Difficulty 


MOTN 


Poor 


Waking 


Waking 


No insomnia 


P-value 




falling 


awakenings 


quality of 


several 


up too 


(N=3 1 ,81 1) 






asleep only 


only 


sleep only 


times only 


early only 
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Age (Mean ± SD) 


4 1 .36+1 5.9 1 


53.38± 15.60 


4I.05±I4.07 


50.58±I6.I9 


52.0 l±l 5.74 


47. 17± 16.54 


<0.00l 


Female (%) 


2,398 (57.2%) 


1,289 (60.9%) 


820 (54.2%) 


1,424 (55.1%) 


1,076 (44.4%) 


14,659 (46.1%) 


<0.00l 


Race/ethnicity 














<0.00l 


Non-Hispanic white (%) 


2,867 (68.3%) 


1,599 (75.6%) 


972 (64.3%) 


1,990 (77.0%) 


1,758 (72.6%) 


21,904 (68.9%) 




Non-Hispanic black (%) 


400 (9.5%) 


243 (1 1.5%) 


191 (12.6%) 


260 (10.1%) 


313 (12.9%) 


4,054 (12.7%) 




Hispanic (%) 


476 (1 1.3%) 


146 (6.9%) 


159 (10.5%) 


170 (6.6%) 


166 (6.9%) 


2,665 (8.4%) 




Other race/ethnicity (%) 


452 (10.8%) 


127 (6.0%) 


190 (12.6%) 


166 (6.4%) 


184 (7.6%) 


3,188 (10.0%) 




Less than university education (%) 


2,474 (59.0%) 


1,103 (52.2%) 


834 (55.2%) 


1,420 (54.9%) 


1,328 (54.9%) 


17,227 (54.2%) 


<0.00l 


Annual household income (USD) 














<0.00l 


<$25K (%) 


776 (18.5%) 


283 (13.4%) 


287 (19.0%) 


379 (14.7%) 


326 (13.5%) 


4,875 (15.3%) 




$25K to <$S0K (%) 


1,138 (27.1%) 


5 1 1 (24.2%) 


405 (26.8%) 


662 (25.6%) 


629 (26.0%) 


7,746 (24.4%) 




$S0K to<$75K (%) 


837 (20.0%) 


453 (21.4%) 


317 (21.0%) 


549 (21.2%) 


520 (21.5%) 


6,185 (19.4%) 




$7SK or more (%) 


1,064 (25.4%) 


639 (30.2%) 


379 (25.1%) 


757 (29.3%) 


710 (29.3%) 


9,434 (29.7%) 




Decline to answer (%) 


380 (9.1%) 


229 (10.8%) 


124 (8.2%) 


239 (9.2%) 


236 (9.7%) 


3,571 (1 1.2%) 




Employed (%) 


2,374 (56.6%) 


1,100 (52.0%) 


974 (64.4%) 


1,450 (56.1%) 


1,488 (61.5%) 


18,878 (59.3%) 


<0.00l 


BMI category 














<0.00l 


Underweight (%) 


102 (2.4%) 


25 (1.2%) 


27(1.8%) 


47 (1.8%) 


33 (1.4%) 


642 (2.0%) 




Normal weight (%) 


1,472 (35.1%) 


714 (33.8%) 


500 (33.1%) 


814 (31.5%) 


777 (32.1%) 


10,617 (33.4%) 




Overweight (%) 


1,320 (31.5%) 


715 (33.8%) 


472 (31.2%) 


863 (33.4%) 


865 (35.7%) 


10,438 (32.8%) 




Obese (%) 


1,235 (29.4%) 


621 (29.4%) 


488 (32.3%) 


821 (31.7%) 


716 (29.6%) 


9,442 (29.7%) 




Decline to provide weight (%) 


66 (1.6%) 


40 (1.9%) 


25 (1.7%) 


41 (1.6%) 


30 (1.2%) 


672 (2.1%) 




Drink alcohol (%) 


2,793 (66.6%) 


1,452 (68.7%) 


966 (63.9%) 


1,773 (68.6%) 


1,667 (68.9%) 


19,805 (62.3%) 


<0.00l 


Smoking behavior 














<0.00l 


Never smoked (%) 


2,257 (53.8%) 


1,157 (54.7%) 


873 (57.7%) 


1,327 (51.3%) 


1,217 (50.3%) 


18,979 (59.7%) 




Former smoker (%) 


1,072 (25.6%) 


725 (34.3%) 


369 (24.4%) 


861 (33.3%) 


795 (32.8%) 


8,439 (26.5%) 




Current smoker (%) 


866 (20.6%) 


233 (1 1.0%) 


270 (17.9%) 


398 (15.4%) 


409 (16.9%) 


4,393 (13.8%) 




Regularly exercise (%) 


2,906 (69.3%) 


1,444 (68.3%) 


967 (64.0%) 


1,644 (63.6%) 


1,643 (67.9%) 


21,085 (66.3%) 


<0.00l 


CCI (Mean ± SD) 


0.25±0.60 


0.32±0.70 


0.22±0.58 


0.34±0.73 


0.29±0.65 


0.24±0.59 


<0.00l 



Abbreviations: BMI, body mass index; CCI, Charlson comorbidity index; MOTN, middle-of-the-night; SD, standard deviation. 



Nature and Science of Sleep 2014:6 



submit your manuscript | www.dovepress.com 
Dovepress 



105 



Moline et al 



Dovepress 



41 years for respondents with poor quality of sleep as their 
sole symptom to 52 years for respondents with waking up too 
early as their only insomnia symptom. Respondents with only 
MOTN awakenings were also the most likely to be college 
educated (47.8%), and have a household income $75K or 
more (30.2%) compared with all other groups. 

Health outcome differences 
across insomnia symptom groups 

Health outcome comparisons were made between respon- 
dents who reported only a single insomnia symptom and those 
without insomnia, adjusting for demographic and health his- 
tory variables (see Table 2). With respect to health status, all 
symptom groups were significantly worse than those without 
symptoms (all 7 3 <0.05, with the exception of the difference 
in physical health status between respondents who reported 
waking up too early and respondents without insomnia; 49.4 
versus 49.3, respectively). Although PCS scores were gener- 
ally comparable across insomnia symptom groups (ranging 
between 48.2 and 49.4), respondents with only poor quality 
of sleep reported both the poorest MCS score (adjusted 
mean =45.9) and health utility score (adjusted mean =0.72) 
followed by respondents with only difficulty falling asleep 
(adjusted means =47.6 and 0.74, respectively). MCS score 
and health utility score differences between respondents 
with only poor quality of sleep and other groups (aside from 
respondents who reported only difficulty falling asleep) could 
be considered clinically meaningful (ie, differences greater 
than three points for MCS and 0.03 points for health utili- 
ties) (see Table 2). 

All groups reported significantly more physician visits 
relative to respondents without insomnia (all P<0.05) 
but no differences in ER visits and hospitalizations were 
observed (see Table 3). Respondents who reported only 
waking several times reported the greatest burden (number 



of ER visits =0.22; number of hospitalizations =0.17; and 
annual per-respondent direct costs =$6,363) followed by 
respondents who reported only MOTN awakenings (number 
of ER visits =0.21; number of hospitalizations =0.15; 
and annual per-respondent direct costs =$6,088; (see Table 3). 
The pattern of lost productivity and indirect costs was 
slightly different. Although no differences were observed 
with respect to absenteeism, several symptom groups 
reported significantly higher presenteeism, overall work 
impairment, activity-related impairment, and higher indirect 
costs than those without symptoms (see Table 4). As with 
the health status results, respondents with only poor quality 
of sleep reported the greatest burden (mean overall work 
impairment =18.57% and annual per-employee indirect 
costs =$6,685), followed by respondents with only difficulty 
falling asleep (mean overall work impairment = 18. 15% and 
annual per-employee indirect costs =$6,535). 

Health outcome differences 
between those with MOTN 
awakenings and matched controls 

More specific comparisons were then made between respon- 
dents who reported experiencing MOTN awakenings as 
their only insomnia symptom and those without insomnia. 
Postmatch, the difference between groups became negligible 
(from an effect size perspective) on all key demographic and 
health history variables (see Table 5). Respondents with only 
MOTN awakenings were older and more likely to be female, 
be non-Hispanic white, have annual household incomes $50K 
or more, be unemployed, and drink alcohol. They also had a 
greater comorbidity burden (see Table 5). 

Respondents with only MOTN awakenings reported 
worse health status across all summary and domain 
scores compared with matched controls (all P<0.05; see 
Figure 2). Differences in mental health (71.91 versus 77.36) 



Table 2 Adjusted levels of health status of those with various 


insomnia 


symptoms and those without 


insomnia 






MCS 




PCS 




Health utilities 




Mean 


SE 


Mean 


SE 


Mean 


SE 


Difficulty falling asleep only (n=4, 1 95) (A) 


47.62 BCDEF 


0.17 


48.32 CF 


0.15 


07 4BCDEF 


0.002 


Waking several times only (n=2,586) (B) 


49 I 3 acef 


0.20 


48. 1 5 CF 


0.18 


0.75 ACDEF 


0.003 


Waking up too early only (n=2,42 1 ) (C) 


50.09 ABDEF 


0.20 


49 43 ABDE 


0.18 


0 .7 7 ABDEF 


0.003 


MOTN awakenings only (n=2, 1 1 5) (D) 


48S3 ACEF 


0.22 


48.60 CF 


0.20 


0.75 ACEF 


0.003 


Poor quality of sleep only (n= 1 ,5 1 2) (E) 


45 gSABCDF 


0.25 


48.30 CF 


0.22 


0.7 2 ABCDF 


0.003 


No insomnia (n=3 1 ,8 1 1) (F) 


50.89 ABCDE 


0.1 1 


49 3QABDE 


0.10 


QJgABCDE 


0.001 



Notes: Superscript letters indicate which groups had adjusted means that are significantly different from other groups (P<0.05). All reported means were adjusted for age, 
sex, race/ethnicity, education, household income, BMI, alcohol use, smoking behavior, exercise behavior, and the CCI. 

Abbreviations: BMI, body mass index; CCI, Charlson comorbidity index; MCS, mental component summary; MOTN, middle-of-the-night; PCS, physical component 
summary; SE, standard error. 
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Table 3 Adjusted levels of health care 


resource use 


and direct cost differences 


among 


those with only 


one 


insomnia symptom 


and 


those without insomnia 




















Number of 


Number of 




Number of 




Direct costs 






physician visits 


ER visits 




hospitalizations 








Mean 


SE 


Mean 


SE 


Mean 


SE 


Mean 


SE 


L^iTncuity railing asiccp only in — t, i 7j i i a\ i 


2.73 F 


0.03 


0.19 


0.14 


0.13 


0.16 


$5,853 F 


0.06 


Waking several times only (n— 2,586) (B) 


2.62 F 


0.03 


0.22 


0.16 


0.17 


0.19 


$6,363 F 


0.08 


Waking up too early only (n=2,42 1 ) (C) 


2.53 F 


0.04 


0.19 


0.17 


0.12 


0.20 


$5,536 


0.08 


MOTN awakenings only (n=2,l IS) (D) 


2.6 l F 


0.04 


0.21 


0.18 


0.15 


0.21 


$6,088 


0.08 


Poor quality of sleep only (n= 1,512) (E) 


2.92 F 


0.04 


0.18 


0.21 


0.08 


0.26 


$5,449 


0.09 


No insomnia (n=3 1 ,8 1 1) (F) 


2 | ^abcde 


0.02 


0.17 


0.08 


0.12 


0.10 


$4,928 


0.04 



Notes: Superscript letters indicate which groups are significantly different from the reported adjusted mean (P<0.05). Resource use was assessed in the past 6 months. 
Direct costs were on a per-respondent annual basis. All reported means were adjusted for age, sex, race/ethnicity, education, household income, BMI, alcohol use, smoking 
behavior, exercise behavior, and the CCI. 

Abbreviations: BMI, body mass index; CCI, Charlson comorbidity index; MOTN, middle-of-the-night; SE, standard error; ER, emergency room. 



and vitality (56.60 versus 61.97) both exceeded cutoffs for 
clinical relevance (ie, 5-point differences for domain scores). 
Health utility scores were also significantly worse, to a 
clinically relevant degree, for respondents with only MOTN 
awakening compared with matched controls (means =0.77 
versus 0.81, respectively; P<0.05). 

More health care provider visits in the past 6 months 
were reported by respondents with only MOTN awaken- 
ings compared with matched controls (3.40 versus 3.00; 
P<0.05); however, no significant differences were observed 
with respect to other health care resource use variables. 
A trend for higher direct costs among respondents with 
only MOTN awakenings relative to matched controls was 
observed ($6,373 versus $5,926), but this difference was 
not significant (_P=0.37). Respondents with only MOTN 
awakenings also reported significantly greater activity 
impairment compared with matched controls and, among 
those employed, reported greater work impairment com- 
pared with matched controls (see Table 6). Indeed, annual 
per-employee indirect costs (ie, costs associated with lost 



wages) were estimated to be $4,328, compared with $3,000 
for matched controls (P<0.05). 

Symptoms versus diagnosis rates 

It is notable that the presence of any insomnia symptoms did 
not necessarily correspond with respondents having been 
diagnosed with insomnia or even having reported that they 
had insomnia or difficulty sleeping (see Figure 3). Indeed, 
between 74.6% and 92.7% of respondents were considered 
only symptomatic, in that they reported experiencing their 
individual insomnia symptom but did not report having 
insomnia or having been diagnosed with insomnia. Respon- 
dents with only difficulty falling asleep were the most likely 
to be diagnosed with insomnia ( 1 3.9%), followed by respon- 
dents with only MOTN awakening (7.0%). 

Discussion 

Although over a quarter of respondents reported experienc- 
ing multiple insomnia symptoms, the current study focused 
on respondents with only a single insomnia symptom to 



Table 4 Adjusted levels of work impairment and indirect cost of those with various insomnia symptoms and those without insomnia 





Absenteeism 


Presenteeism 


Overall work 


Activity 




Indirect costs* 




%* 




%* 




impairment %* 


impairment % 








Mean 


SE 


Mean 


SE 


Mean 


SE 


Mean 


SE 


Mean 


SE 


Difficulty falling asleep only (N=4, 1 95) (A) 


2.93 


0.14 


I6.69 CF 


0.05 


I8.I5 CF 


0.05 


23.64 F 


0.03 


$6,535 CF 


0.05 


Waking several times only (N=2,586) (B) 


3.41 


0.16 


I4.59 F 


0.06 


I6.56 F 


0.06 


2I.80 F 


0.04 


$5,960 F 


0.06 


Waking up too early only (N=2,42 1 ) (C) 


2.98 


0.17 


I2.I4 AE 


0.06 


1 3.73 AE 


0.06 


17.39 


0.04 


$4,944 AEF 


0.06 


MOTN awakenings only (N=2,l 15) (D) 


2.87 


0.18 


1 4.5 1 F 


0.07 


15.88 


0.07 


2I.73 EF 


0.04 


$5,718 


0.07 


Poor quality of sleep only (N= 1 ,5 1 2) (E) 


2.87 


0.19 


I7.29 CF 


0.08 


I8.57 CF 


0.07 


25.60 BCDF 


0.05 


$6,685 CF 


0.07 


No insomnia (N=3 1,81 1) (F) 


2.99 


0.09 


1 l.58 ABDE 


0.03 


1 3.24 ABE 


0.03 


| 745 ABDE 


0.02 


$4,766 ABE 


0.03 



Notes: ^Calculated only for those who were currently employed {difficulty falling asleep only: N-2,374; waking several times only: N-l,450; waking up too early only: 
N- 1 ,488; MOTN awakenings only: N— 1 , 1 00; poor quality of sleep only: N-974; no insomnia: N- 1 8,878). Superscript letters indicate which groups are significantly different 
from the reported adjusted mean (P<0.05). Indirect costs were on a per-employee annual basis. All reported means were adjusted for age, sex, race/ethnicity, education, 
household income, BMI, alcohol use, smoking behavior, exercise behavior, and the CCI. 

Abbreviations: BMI, body mass index; CCI, Charlson comorbidity index; MOTN, middle-of-the-night; SE, standard error. 
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Table 5 Demographic and health history variables pre- and postmatch between those without insomnia and those with only MOTN 
awakening 





Pfomafrh 

l ■ CI 1 IdLLI 1 






P «"\ c + wm ;» h 

I UMI 1 luLLI 1 






No insomnia 
(N=3 1,81 1) 


MOTN 

awakening only 
(N=2,l 15) 


P-value 


Matched 
control 
(N=2,l 15) 


MOTN 

awakening only 
(N=2, 1 1 5) 


P-value 


Age (Mean ± SD) 


47. 17± 16.54 


53.38±I5.60 


<0.00l 


53.25± 16.04 


53.38± 15.60 


0.784 


Female (%) 


14,659 (46.1%) 


1,289 (60.9%) 


<0.00l 


1,263 (59.7%) 


1,289 (60.9%) 


0.414 


Race/ethnicity 






<0.00l 






0.567 


Non-Hispanic white (%) 


21,904 (68.9%) 


1,599 (75.6%) 




1,617 (76.5%) 


1,599 (75.6%) 




Non-Hispanic black (%) 


4,054 (12.7%) 


243 (1 1.5%) 




216 (10.2%) 


243 (1 1.5%) 




Hispanic (%) 


2,665 (8.4%) 


146 (6.9%) 




156 (7.4%) 


146 (6.9%) 




Other race/ethnicity (%) 


3,188 (10.0%) 


127 (6.0%) 




126 (6.0%) 


127 (6.0%) 




Less than university education (%) 


17,227 (54.2%) 


1,103 (52.2%) 


0.073 


1,176 (55.6%) 


1,103 (52.2%) 


0.024 


Annual household income (USD) 






0.052 






0.025 


<$25K (%) 


4,875 (15.3%) 


283 (13.4%) 




228 (10.8%) 


283 (13.4%) 




$2SK to <$50K (%) 


7,746 (24.4%) 


5 1 1 (24.2%) 




521 (24.6%) 


51 1 (24.2%) 




$S0K to <$7SK (%) 


6,185 (19.4%) 


453 (21.4%) 




501 (23.7%) 


453 (21.4%) 




$7SK or more (%) 


9,434 (29.7%) 


639 (30.2%) 




606 (28.7%) 


639 (30.2%) 




Decline to answer (%) 


3,571 (1 1.2%) 


229 (10.8%) 




259 (12.2%) 


229 (10.8%) 




Employed (%) 


18,878 (59.3%) 


1,100 (52.0%) 


<0.00l 


1,126 (53.2%) 


1,100 (52.0%) 


0.423 


BMI category 






0.082 






0.023 


Underweight (%) 


642 (2.0%) 


25 (1.2%) 




38 (1.8%) 


25 (1.2%) 




Normal weight (%) 


10,617 (33.4%) 


714 (33.8%) 




653 (30.9%) 


714 (33.8%) 




Overweight (%) 


10,438 (32.8%) 


715 (33.8%) 




683 (32.3%) 


715 (33.8%) 




Obese (%) 


9,442 (29.7%) 


621 (29.4%) 




688 (32.5%) 


621 (29.4%) 




Decline to provide weight (%) 


672 (2.1%) 


40 (1.9%) 




53 (2.5%) 


40 (1.9%) 




Drink alcohol (%) 


19,805 (62.3%) 


1,452 (68.7%) 


<0.00l 


1,542 (72.9%) 


1,452 (68.7%) 


0.002 


Smoking behavior 






<0.00l 






0.508 


Never smoked (%) 


18,979 (59.7%) 


1,157 (54.7%) 




1,164 (55.0%) 


1,157 (54.7%) 




Former smoker (%) 


8,439 (26.5%) 


725 (34.3%) 




698 (33.0%) 


725 (34.3%) 




Current smoker (%) 


4,393 (13.8%) 


233 (1 1.0%) 




253 (12.0%) 


233 (1 1.0%) 




Regularly exercise (%) 


21,085 (66.3%) 


1,444 (68.3%) 


0.06 


1,508 (71.3%) 


1,444 (68.3%) 


0.032 


Charlson comorbidity index (Mean ± SD) 


0.24±0.59 


0.32±0.70 


<0.00l 


0.31 ±0.68 


0.32±0.70 


0.687 



Abbreviations: BMI, body mass index; MOTN, middle-of-the-night; SD, standard deviation. 



best compare health outcomes among subpopulations. 
A particular focus of this paper was on respondents who 
experienced only MOTN awakenings, without other 
insomnia symptoms, which was reported by approximately 
3.5% of all respondents. These respondents were more likely 
to be older, female, educated out of the work force, and 
to have higher household incomes compared with respon- 
dents with other individual insomnia symptoms. Given the 
observed decrements in health status and greater societal 
costs (particularly, direct costs) of respondents with only 
MOTN awakenings compared with matched controls, these 
demographic characteristics can be helpful in understanding 
the subpopulations who may be at highest risk for develop- 
ing this symptom. 

Although Roth and colleagues found that sleep mainte- 
nance symptoms (analogous to MOTN awakenings) were 
significantly associated with role impairments, 2 it was not 
presently known how different insomnia symptoms might 



have different consequences than others on a broad set of 
health outcomes. Indeed several differences were observed. 
Among respondents with only one insomnia symptom, poor 
quality of sleep was associated with the strongest effects on 
health status compared with other insomnia symptoms, even 
after adjusting for demographic and health characteristics dif- 
ferences. These effects exceeded clinically relevant thresholds 
of 3 and 0.03 points for MCS scores and health state utilities, 
respectively. This is consistent with the literature which has 
found nonrestorative sleep (analogous to poor quality of 
sleep) to be the strongest of role impairments among all sleep 
symptoms. 2 Naturally, the causality is unclear, as the presence 
of insomnia symptoms could result in poorer mental health. 19 
Also plausible, mental health comorbidities (eg, anxiety) 
can influence mental health and simultaneously result in 
insomnia symptoms. 19 Differences across insomnia symp- 
toms with respect to cost-related outcomes were generally 
modest, though all were higher (if not significantly so) than 
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Figure 2 Health status mean differences between those with MOTN awakening only (N-2, 1 1 5) and matched controls (N-2, 1 1 5). 

Notes: *P<0.05; **P<0.05 and exceeds clinically relevant thresholds. The matched control group was matched on age, sex, race/ethnicity, education, household income, 
BMI, alcohol use, smoking behavior, exercise behavior, and the CCI. 

Abbreviations: BMI, body mass index; CCI, Charlson comorbidity index; MOTN, middle-of-the-night; SF-I2v2, Short Form I 2 version 2. 



respondents without insomnia. Respondents who experienced 
only waking several times and only MOTN awakenings had 
the highest direct costs, while respondents who experienced 
only poor quality of sleep and only difficulty falling asleep 
had the highest indirect costs. 

When compared with matched controls, respondents who 
reported only MOTN awakenings also reported significant 
decrements in health status across all summary and domain 
scores, in some cases to a clinically relevant degree. Although 



the difference between groups with respect to direct costs 
was small, respondents with only MOTN awakenings were 
estimated to have nearly 50% higher indirect costs due to 
missed work or reduced on-the-job performance compared 
with matched controls. These findings highlight the effect 
that a single symptom can have on both patient functioning 
and societal costs. 

It is interesting to note that regardless of the symptom, 
over three-quarters of respondents who reported a single 



Table 6 Economic outcome differences between those with MOTN awakening only (N=2, 1 1 5) and matched controls (N=2, 1 1 5) 





Matched controls 




MOTN awakenings only 


P-value 




(N=2,l 1 5) 




(N=2,II5) 








Mean 


SD 


Mean 


SD 




ER visits in the past 6 months 


0.IS 


1. 26 


0.I5 


0.57 


0.90 


Hospitalizations in the past 6 months 


0.I I 


I.4I 


0.I0 


0.47 


0.61 


Health care provider visits in past 6 months 


3.00 


4.82 


3.40 


4.05 


0.003 


Annual direct costs (USD) 


$5,926 


$ 1 9,9 1 4 


$6,373 


$l 1,052 


0.37 


Absenteeism %* 


1. 50 


8.48 


2.54 


1 1.08 


0.015 


Presenteeism %* 


7.50 


1 7.07 


1 0.63 


19.91 


<0.00l 


Overall work impairment %* 


8.33 


1 8.55 


1 2.02 


21.98 


<0.00l 


Activity impairment % 


1 4.7 1 


24.27 


1 8.32 


25.25 


<0.00l 


Annual indirect costs* 


$3,000 


$6,678 


$4,328 


$7,913 


<0.00l 



Notes: *Calculated only among those employed (matched control: N- 1 , 1 26; MOTN awakenings only: N- 1 , 1 00). The matched control group was matched on age, sex, race/ 
ethnicity, education, household income, BMI, alcohol use, smoking behavior, exercise behavior, and the CCI. 

Abbreviations: BMI, body mass index; CCI, Charlson comorbidity index; ER, emergency room; MOTN, middle-of-the-night; SD, standard deviation. 
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Difficulty falling asleep only 

■ Diagnosed 

□ Undiagnosed 

□ Only symptomatic 
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Figure 3 Prevalence of diagnosed, undiagnosed, and only symptomatic respondents 
with each insomnia symptom. 
Abbreviation: MOTN, middle-of-the-night. 



insomnia symptom did not identify themselves as having 
insomnia or sleep difficulties and had not been diagnosed 
with insomnia. This suggests that most respondents may 
consider their "symptom" a natural part of the sleep 
experience and not indicative of any underlying sleep con- 
dition. This may, in fact, be true for a subset of respondents 
(as our definition of MOTN awakenings did not include full 
Diagnostic and Statistical Manual of Mental Disorders, Fifth 
Edition criteria). However, based on the decrements observed 
in functioning and work-related impairment in particular, 
some of these patients may meet other diagnostic criteria 
and may benefit from discussing their sleep symptoms with 
their health care providers and for their health care providers 
to determine the impact of the insomnia and whether treat- 
ment is appropriate. 

Limitations 

All data from the NHWS were patient reported, and no veri- 
fication of diagnoses (insomnia or otherwise) was possible. 
This could have introduced additional measurement error. 
Although a significant list of confounding variables were 
included in the analyses (eg, age, comorbidities, etc), it is 
possible other unmeasured variables may explain some of 
the associations between insomnia symptoms and health 
outcomes. Finally, the NHWS is broadly representative of 
the adult US population with respect to core demographic 
variables, but other variables (eg, health attitudes, health 
engagement) may differ. Further, the specific insomnia 
symptom subsamples may differ in meaningful ways from 
their corresponding populations. 
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